INTRODUCTION
Golgi apparatus (GA) autoantibodies were recently described in both human patients suffering from autoimmune diseases (Rodriguez et al., 1982; Fritzler et al., 1984) and in tumourbearing mice (Weiland et al., 1984) . During our studies of the mouse system we demonstrated that it was not the turnout itself which induced GA autoantibodies, but a transmissible agent found to be associated with progressor-Moloney murine sarcoma virus (Mo-MSV) transformants that had been serially passaged in vivo. It was lost after growth of the tumour cells in culture (Weiland & Weiland, 1985) . Characteristically, this agent (tentatively designated anti-GA-inducing agent, AGIA) has the capacity to induce two groups of antibodies: one group which can be demonstrated by indirect immunofluorescence to react with intracellular antigen located in the GA of mammalian, avian and piscine cells (Weiland et al., 1984) ; and another group, which reacts with surface antigen of the Mo-MSV non-producer (NP) transformant Sac. After removal of cytotoxic antibodies by absorption with Sac cells, the GA-reactive antibodies remained demonstrable (Weiland & Weiland, 1985) . Sac cells express a cell surface glycoprotein (46K antigen) which is presumably a sarcoma virus-induced cellular antigen that is not immunogenic on the surface of the NP cells (Weiland & Thiel, 1985) . Both groups of AGIAinduced antibodies must be defined as autoantibodies directed against distinct antigens.
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In the present communication we report further characterization of the causative agent and have found that it possesses properties characteristic of lactate dehydrogenase-elevating virus (LDV).
METHODS
Mice. The mouse strains used in this study were STU, DBA/2, BALB/c, C3H/He, C57BL/6 and NMRI. They were bred in our own colony. STU inbred mice were originally obtained from W. Sch/ifer, Tfibingen. They have been used in previous studies (Weiland et al., 1978) . Original breeding pairs of BALB/c, C57BL/6, DBA/2 and C3H/He were obtained from the Institut ffir Versuchstierforschung, Hannover, F.R.G. and thereafter maintained in our colony.
Viruses and virus titrations. AGIA was regularly maintained by acellular transmission in vivo in STU mice. It was isolated originally from the progressor Mo-MSV tumour derivative PV-T-112 (Weiland & Weiland, 1985) . Stocks of AGIA were prepared by infecting STU mice intramuscularly (i.m.) with 10 l"s tDso/mouse. After 48 and 68 h the serum of the infected mice was collec'~ed by orbital puncture. Two strains of LDV (LDVRow and LDVpLA) were kindly given by T. Inada, Guy's Hospital Medical School, London, U.K. Titration of AGIA was performed using a recently described bioassay, based on the regular development of AGIA-induced autoantibodies against the GA antigen of cells from different species and against the surface antigen of the Mo-MSV NP transformant Sac (Weiland & Weiland, 1985) . The titre of AGIA was determined by injecting i.m. into normal STU mice serial 10-fold dilutions of suspicious serum in phosphate-buffered saline (PBS) with 10 ~ foetal calf serum (FCS). Two to four animals were used for each 10-fold dilution. Twelve to 16 days post-infection (p.i.) serum was collected and assayed for the presence of autoantibodies. Anti-GA antibodies were assayed by indirect immunofluorescence (IIF) on acetone/methanol-fixed cultures of murine Sch/i-T-D cells grown on Cooke multitest slides. Antibodies against the surface antigen of Sac cells (Sac TSA) were tested in a complement (C')-dependent antibody mediated chromium release assay (AMC-CRT). Both assays were described in detail in our previous papers (Weiland et al., 1984; Weiland & Thiel, t985; Weiland & Weiland, 1985) .
Lactate dehydrogenase (LDH) determination. The enzymic activity of LDH was determined by following the increase in absorbance of NADH at 340 nm in the presence of lactate (50 mmol/1) and NAD (7 mmol/1) pH 8.9 (Sigma, LD-L reagent no. 228-UV). Absorbance was measured with a Beckman DU-40 spectrophotometer.
Cell cultures. The Mo-MSV NP transformant Sac has been described previously (Weiland et al., 1978) . Sac cells express at their surface a glycosylated antigen of mol. wt. 46K, which presumably represents a sarcoma virusinduced cellular antigen (Weiland & Thiel, 1985) . Other cell cultures used in this study were normal rat kidney cells (NRK, CRL 1570), Rous sarcoma virus-transformed white Weston rat cells (XC, CCL 165), primary chicken embryo fibroblasts (CEF) and a transformant, designated Sch/i-T-D, derived from a spontaneous tumour which had occurred in an older STU mouse that had already been used in previous studies (Weiland & Thiel, 1985; Weiland & Weiland, 1985) . All the cell lines were grown in Dulbecco's modification of Eagle's minimum essential medium (MEM) supplemented with 10~ FCS and antibiotics.
Mouse peritoneal macrophages. For stimulation of macrophages mice were injected intraperitoneally with 1.0 ml peptone in water (10~, w/v). Four days later their peritoneal cavities were washed with 10 ml 0.34 N-sucrose, their abdomens massaged and the peritoneal washings collected. The cells were washed once with MEM supplemented with FCS and then resuspended in MEM supplemented with FCS (10~). The cell suspension (6 x l06 cells/ml) was then seeded on 10-well Cooke multitest slides (50 lal cell suspension/well) and in Falcon 25 flasks (5 ml cell suspension/flask). To infect cell cultures with AGIA the nutrient medium was removed and 50 gl of a diluted AGIA pool (109 IDso/ml) were added per well and 500 p.l per flask.
Protein A haemadsorption assay (PA-H). The PA-H was performed as described by Pfreundschuh et al. (1978) . Briefly, human O + erythrocytes were labelled with Protein A in the presence of chromium chloride. Assays were performed with Sac cells in Falcon 3040 microtest II plates. These target cells (plated l to 2 days previously) and antibodies were incubated for 1 h at 37 °C. After the target cells were washed, indicator cells were added and incubated for a further hour at room temperature. The plates were then washed and it was evaluated with light microscopy whether adsorption of erythrocytes bad occurred or not.
Sucrose density gradient. For density determination and electron microscope examination a linear 10 to 50~ (w/w) sucrose (in TNE) gradient was used and loaded with 0.3 ml of a 2 day pool of AGIA-containing serum. It was centrifuged to equilibrium with a 41 Beckman rotor for 18 h at 35000 r.p.m., 4 °C. Fractions were collected through the bottom of the tubes. For each fraction the refractive index and the infectivity were determined and these data were used to determine the buoyant density (g/ml) of the biologically active fractions.
Electron microscopy. Monolayer cultures of AGIA-infected mouse peritoneal macrophages were fixed in situ with 2"5~o glutaraldehyde buffered at pH 7.2 with 0.1 N-sodium cacodylate. Fixed cells were scraped offthe tissue culture flask, post-fixed with 1 ~ osmium tetroxide and embedded in Araldite. Ultrathin sections were stained with uranyl acetate and lead citrate. Purified virus in suspension was allowed to adsorb onto 400-mesh carbonstabilized pioloform-coated grids. Negative staining was carried out for 45 s using a 1 °/o unbuffered aqueous uranyl IP: 54.70.40.11
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Anti-Golgi body antibodies induced by LDV

LDH elevation after infection of STU mice with AGIA
Since the discovery of LDV by Riley et al. (1960) as a passenger of transplantable murine turnouts, this virus has often been found in association with turnouts or viruses maintained by passage in mice as reviewed previously (No!kins, 1965; Rowson & Mahy, 1975 . Therefore we investigated whether our AGIA might be related to or identical to LDV. We first examined the capacity of AGIA to induce LDH elevation. Enzyme levels were determined 2 weeks p.i. in individual sera which were also tested for the presence of anti-GA and anti-Sac TSA antibodies. Infection with AGIA led to a five-to 10-fold increase in LDH activity. Elevated LDH levels were only observed in samples from individuals that had developed anti-GA and anti-Sac TSA antibodies.
In order to determine whether the three activities associated with AGIA, elevation of LDH as well as induction of anti-GA and anti-Sac TSA antibodies, are caused by a single or several infectious agents, we performed three consecutive endpoint dilutions in vivo. Both antibody activities as well as LDH elevation occurred together in mice following AGIA infection. We therefore concluded that a single agent was responsible for LDH elevation as well as for inducing both antibody activities (results not shown).
Kinetics of replication of AGIA in vivo in STU mice
We studied the kinetics of AGIA replication in STU mice after i.m. infection with graded virus doses. These studies are summarized in Table 1 . Following inoculation of 105s or 1015 IDso, high titres of AGIA were present in the serum as early as 24 h p.i., while infection with 10 o.5 ID50 led to delayed and variable virus appearance in the blood.
Persistence of AGIA in infected STU mice
Infection of mice with LDV leads to lifelong viraemia. To study whether AGIA might be present transiently or persistently in the sera of infected animals, sera were taken from five mice infected with 10 o`3 ID50 of AGIA at days 2, 4, 8, 16, 33, 64, 120, 240 and 367 p.i . During the entire observation period, AGIA was detected in the five mice. The AGIA titres of two animals are listed in Table 2 . The highest titres (101°'5 IDso/ml) were observed during the first days p.i., declining to about 105.o IDs0/ml serum 2 months p.i. The persistently infected animals remained clinically as healthy as the uninfected age-matched controls.
Appearance and duration of AGIA-induced autoantibodies in STU mice
All sera tested for the presence of the AGIA were also assayed for anti-GA antibodies (in IIF on fixed, cultured murine ScM-T-D cells) and anti-Sac TSA antibodies (in AMC-CRT and PA-E. WEILAND, F. WEILAND AND A. GROSSMANN H on the Mo-MSV NP transformant Sac). The results from two animals are listed in Table 2 . At day 8 p.i. anti-GA and anti-Sac TSA antibodies were detected in all five AGIA-positive animals. Anti-GA antibody reactivity peaked at day 16 p.i. and titrated as high as 2400. Later, anti-GA antibodies varied between animals and lost intensity of reaction. Peak antibody titres against Sac cells of 2700 were reached at days 16 and 33 p.i., and the anti-Sac antibodies were still detectable at day 240 p.i. in four of five AGIA-positive animals. The anti-Sac TSA antibodies only reacted in AMC-CRT and not in PA-H, which indicated that they belonged to the IgM antibody class.
Buoyant density and ultrastructure
The identifying characteristics of LDV are the enzyme elevation, the high virus titre during the acute phase of infection and chronic viraemia. To confirm the identity of AGIA as LDV, ultracentrifugation of AGIA-bearing serum was performed in a linear sucrose gradient in order to determine the buoyant density of AGIA and to obtain purified material for electron microscopy. The peak of AGIA infectivity was found at a density of 1-14 g/ml. Electron microscope studies of this fraction revealed virus-like particles, about 67 nm in diameter. Their size and morphology were similar to those of the non-arbo togaviruses (Horzinek, 1981) , notably LDV (Brinton-Darnell & Plagemann, 1975; Horzinek et al., 1975) (result not shown).
Replication in murine macrophages
In a previous study (Weiland & Weiland, 1985) we had found that AGIA did not replicate in common cell cultures. This is also a property of LDV whose replication is apparently limited to a subpopulation of macrophages recently characterized as an Ia-positive subset (Inada & Mims, 1984) . We therefore studied propagation of AGIA in peritoneal cells collected from STU or BALB/c mice 4 days after peptone stimulation. The course of infection was followed with IIF, using two pools of serum collected 2 weeks and 6 months after AGIA infection. In addition, the presence of AGIA in culture supernatants was determined. Maximal numbers of cells exhibiting cytoplasmic fluorescence (approximately 10~ of the infected cells) were observed 9 to 12 h p.i. Release of AGIA into culture supernatant is depicted in Fig. 1 . The culture supernatant contained a maximal infectivity of 109.5 (BALB/c) and 109.2 IDso/ml (STU) at 16 and 40 h p.i., respectively. As shown in Fig. 2 (a) and (b), application of a 2 week serum pool for demonstration of virus-producing cells not only induced bright cytoplasmic fluorescence on approximately 10 of the virus-infected peritoneal cells (that were not observed in uninfected control cells), but also induced small fluorescent juxtanuclear areas, representing reactivity with antigen in the GA region of uninfected cultured cells, as reported recently (Weiland et al., 1984) . Application of a 6 month pool of antiserum also manifested very bright cytoplasmic fluorescence in approximately 10~o of infected peritoneal cells. In the residual cells as well as in uninfected cultured cells, however, the juxtanuclear GA fluorescence was very weak (Fig. 2c, d ). Ultrathin sections of cultured macrophages were embedded 12 h p.i. and examined by electron microscopy. Viral particles, about 48 nm in diameter, were found extracellularly as well as in cytoplasmic vacuoles which were mostly located near the GA region. The particles were spherical in shape and contained a centrally located dense core which was clearly separated from the surrounding envelope.
Infection of STU mice with two established strains of LDV
The capacity of the AGIA to induce antibodies against GA and Sac TSA was found to be associated with a virus resembling LDV. To elucidate whether the autoantibody-inducing capacity might also be a property of established LDV strains we infected STU mice with LDVRow and LDVpLA. Both LDV strains induced antibodies which reacted with the Mo-MSV 
Immune response in mice of various strains and H-2 types after injection with AGIA
Since induction of autoantibodies against G A and Sac TSA by LDV or another infectious agent has not been described before, we tested whether the immune response observed in STU mice (Weiland et al., 1984; Weiland & Weiland, 1985) may perhaps be restricted to this mouse strain (H-2K private specificity H-2.31 and H-2D private specificity H-2. 118; B. Kindred, personal communication). For this purpose five additional mouse strains were used. Four female animals of each strain were infected at the age of 10 weeks with 104 ID50 of AGIA. Blood was collected before infection with AGIA and 2 and 3 weeks p.i. All the infected animals developed anti-GA antibodies. Also development of anti-Sac TSA antibodies occurred in BALB/c (H-2d), C3H/He (H-2k), DBA/2 (H-2 d) and NMRI (H-2q) mice, but not in C57BL/6 (H-2 b) mice.
With regard to the intensity of the reaction of both antibody groups, serum from DBA/2 mice revealed weaker reactivity with GA antigen than serum from the other mice tested. The highest antibody titres against GA antigen (2400) were observed in STU and NMRI mice. The highest cytotoxic antibody titres against Sac TSA (2700) were detected in STU, BALB/c and DBA/2 mice, whereas sera from the other strains exhibited distinct reactivity at dilutions of 1 : 100 to 1 : 300.
Sera of all the animals were also studied for the presence of AGIA 2 weeks p.i. Titres between 105.5 and 108.5 IDso per ml of serum were recorded.
DISCUSSION
The data reported here indicate that the recently described anti-GA-inducing agent (AGIA; Weiland & Weiland, 1985) possesses properties typically associated with LDV. Moreover, AGIA showed antigenic cross-reactivity to two established LDV strains (LDVRow and LDVpLA). Both LDV strains also induced anti-GA antibodies, as well as anti-Sac TSA antibodies in STU mice. The data indicate that AGIA is a strain of LDV. Whether further LDV strains possess the anti-GA and anti-Sac TSA antibody-inducing capacity remains to be determined, as do the patterns of reactivity in mouse strains not tested in our study. It is not unexpected that the anti-GA antibody-inducing capacity differed between our LDV isolate and both established LDV strains. Serological differences exist between LDV strains (Cafruny & Plagemann, 1982a) as well as differences in their neurovirulence (Martinez et al., 1980; Nawrocki et al., 1980) . Since immune responsiveness is under genetic control, various mouse strains would be expected to differ in their autoantibody response after infection with our anti-GA-inducing LDV isolate. Infection with LDV has a broad immunoregulatory potential. As reviewed recently by Rowson & Mahy (1985) antigen-presenting macrophages are affected as well as B and T lymphocytes. Notkins et al. (1966) had observed greatly increased levels of immunoglobulins in the plasma of LDV-infected mice. Michaelides & Simms (1977) and Coutelier & van Snick (1985) had found that mainly the IgG2a subclass of immunoglobulins increases and to a minor degree the IgG2b subclass, too. LDV can act as a polyclonal B cell activator, as demonstrated by Michaelides & Simms (1980) , Cafruny & Plagemann (1982b) and recently by Coutelier & van Snick (1985) . Stimulation of anti-GA and anti-Sac TSA antibodies could be the consequence of a general polyclonal activation of B cells by LDV. Superimposed on the polyclonal activation, the cytocidal replication of LDV in macrophages may result in release of some self antigens that stimulate an autoantibody response. Mere release of self antigens may not be sufficient to induce an autoimmune response. According to Mathews & Bernstein (1983) it may require combination of cellular proteins with altered or foreign nucleic acids. Morphogenesis of LDV occurs in the GA region by budding into vacuoles. This, perhaps, leads to combination of LDV nucleic acid and constituents of the GA organelle. Thus, the cellular protein may be recognized as foreign. On the other hand, antigenic mimicry between LDV and GA antigen epitopes might be responsible for the autoimmune process. It may also be a consequence of a detrimental effect of LDV infection exerted on subpopulations of lymphocytes that regulate the immune response of the host. LDV infection leads to transitory leukopaenia affecting mainly T lymphocytes (Riley, 1968; Stauber et aL, 1975; Crispens, 1982) but also to stimulation of suppressor T cells (Inada & Mims, 1986) . Which mechanism is responsible for the autoantibody induction described remains to be elucidated: likewise the autoantigens await characterization.
Autoantibodies have been found in sera of animals following a variety of experimental viral infections (for review, see Notkins et al., 1984) . Autoantibodies to erythrocytes, nuclei and intermediate filaments have been most frequently observed. Virus-induced autoimmunity has been observed in studies with reovirus and with coxsackievirus B3 (Onodera et al., 1981; Wolfgram et al., 1985) . Although these viruses induced autoantibodies only in suckling mice, infection with LDV leads to autoantibody development in immunocompetent adult mice indicating that different mechanisms might be responsible.
The detection of the capacity of LDV to induce antibodies against tumour surface antigen may eventually contribute to elucidation of the effects on the growth of various tumours (for review, see Rowson & Mahy, 1985) .
